The 27 Hydroptila species listed as of 2012 in Italy were found in 434 biotopes located in lotic and lentic waters of the Italian mainland regions and islands (Sicilia, Sardegna, Capraia, Elba). The richest regions are Umbria (15 species), Toscana and Piemonte. The most widespread species are H. vectis, found in18 regions and H. angulata found in 16 regions. Hydroptila fiorii, H. serrata and H. cortensis were found only in Sardegna, the latter only in one site. Hydroptila tacheti was found only in Friuli-Venezia Giulia. No Hydroptila species were found in Valle d'Aosta. Four species are endemic to the Italian fauna (H. cortensis, H. fiorii, H. ruffoi, H. stellifera). The main ecological parameters of Hydroptila spp. collection sites are discussed. The organization of scent organs in male H. aegyptia was examined by means of light and electron microscopy. Finally, an updated catalogue of the Italian species is reported.
Introduction
In Italy, after Rhyacophila (35 species), the genus Hydroptila is the richest genus in number of species. As of 2012, 27 species have been found in lotic and lentic waters in the Italian peninsula and islands (Sicilia, Sardegna, Capraia and Elba) . Four of these (H. cortensis, H. fiorii, H. ruffoi, H. stellifera) are endemic to the Italian fauna (Corallini et al. 2013, in press ).
The first recording of Hydroptila in Italy was by Costa (1871) . The next collections were made by Eaton in 1873 (McLachlan 1874 (McLachlan -1880 in Lake Como (Lombardia) , in 1882 in Appennino Pistoiese (Toscana) (Malicky & Moretti 1987) , in 1884 in Adda river (Lombardia) by Ghiliani and in 1935 by Moretti (Moretti 1937) . Begining in 1951, species of Hydroptila were collected in several sites in watercourses, lakes and marshes in Marche and Umbria by undergraduate students of the Istituto di Zoologia of the Università degli Studi di Camerino (Morroni 1951-52; Lazzerini 1951 -52, Antognelli 1952 Formicone 1952-53; Testa 1953-54) and students of the Istituto di Zoologia of the Università degli Studi di Perugia (Gammaitoni 1965-66; Giovagnoni 1966-67; Ridolfi 1966-67; Portarena 1967-68; De Bartolomeo 1969-70; Boriosi 1970-71; Marri 1970-71; Cardellini 1970-71; Corrado 1970-71; Alessandri 1970-71; Valeri 1971-72; Scalise 1972-73; Malena 1978-79; Truffini 1978-79; Piottoli 1979-80; Peroni 1982-83; Ronca 1982-83; Selvi 1983-84; Baviera1985-86; Fabbri 1986-87; Azara 1988-89; Pignatari 1988-89; Romozzi 1989-90; Berdini 1990-91; Capoccia 1990-91; Cruccolini 1990-91; Mazzerioli 1993-94; Meniconi 1993-94; Montanucci 1994-95; Romano 1994-95; Annese 1995-96; Fucchi 1995 -96, Giovannini 1995 Iorio 1995--96; Marchetti 1996-97; Todini 1997-98; Beco 1999 Beco -2000 . Researchers (Buda Damcevich, Carchini, Desio, De Pietro, Fochetti, Gerecke, Heiss, Letardi, Osella, Ravizza, Riggio) and Moretti and collaborators (Chiappafreddo, Cianficconi, Corallini, Gianotti, Marinelli, Pirisinu, Salerno, Taticchi, Tucciarelli, Viganò) collected Hydroptila species in several Italian regions. Subsequently, adult and aquatic stage specimens, classified by Moretti, were reported in the Catalogue of the Moretti Collection (Di . Some species of Hydroptila, especially in the northern Italian regions, were found by Malicky (2002, 2004, 2005 and in litt. 2001, 2012) , and .
Morphological and histological studies (Moretti & Cianficconi 1964a , 1964b ) and, eventually, ultrastructural studies (Moretti & Bicchierai 1979) on the Italian Hydroptila were made at the Istituto di Zoologia of the Università degli Studi di Perugia.
In this paper the relationship between Hydroptila species found in Italy and ecological factors, such as altitude and water physico-chemical parameters, are examined. In addition, the morphology, histology and ultrastructure of the cephalic glands in male Hydroptila aegyptia are investigated. Finally, an updated catalogue of the Italian species is reported.
Materials and methods
The specimens were collected randomly or seasonally in the Italian peninsula and Islands to prepare graduation theses. Some biotopes were investigated in more than one section along watercourses and some sites checked more than once in different years. The aquatic stages, collected with a hand net or with tweezers according to the habitat and typology of the substrate, were fixed in formol 7% and partly reared in the laboratory until the emergence of the adults. The adults were collected mainly in daylight with an entomological net and a micro-aspirator in the surrounding vegetation. Only in recent times the specimens have been collected with light traps during the night. Some specimens were fixed in 70% alcohol and others were taken alive to the laboratory for dry conservation. Some larvae were reared in captivity in order to study the biological cycle of the respective species.
Morphological, histological and ultrastructural investigations were made by means of light and electron microscopes.
Light microscopy: Larval heads of male H. aegyptia were dissected and fixed for 2 hours in Bouin fluid. Section, 2-3 µm thick were stained with Carazzi hematoxylin-eosin. Semi-thin sections, about 1 μm thick, of the material prepared for transmission electron microscopy were stained in 1% methylene blue in 1% borax, then observed and photographed with a Leitz Dialux 22 phase contrast microscope.
Transmission electron microscopy (TEM): Larval heads of male H. aegyptia were dissected and fixed for 2h at 4°C in glutaraldehyde 2.5% in 0.1M cacodylate buffer (pH 7.2), rinsed in the buffer, post-fixed for one hour in 1% osmium tetroxide in the same buffer and dehydrated in a graded ethanol series. The material was infiltrated with propylene oxide, embedded in an Epon-Araldite mixture, and polymerized at 60°C. Thin sections, obtained with a Reichert Ultracut OM U3 microtome, were placed on formvar coated copper grids, stained with uranyl acetate and lead citrate, and observed with a Philips EM 400.
Scanning electron microscopy (SEM): Larval heads of male H. aegyptia were fixed, post-fixed and dehydrated as for TEM. Critical point drying was performed in a Balzers CPD 020 apparatus with carbon dioxide. Specimens were mounted on stubs, coated with gold-palladium and examined with a Philips SEM 505 scanning electron microscope.
Results

Collection sites
The number of Hydroptila species and the number of collection sites of both Trichoptera species and Hydroptila species in the Italian regions and islands (Sicilia, Sardegna, Capraia, Elba) are reported in Figure 1 . The Hydroptila collection sites, organized according to the Italian regions, are listed in Table 1 , each with the name, location and altitude of its biotopes. The lotic biotopes include hygropetric habitats, springs, brooks, streams, rivers, canals and tributaries; lentic biotopes include lakes of different origins, marshes and peat bogs.
From 1873 to 2012, there have been 27 species of Hydroptila found in Italy in 434 sites which represent 9.6% of the 4513 Trichoptera collection sites in Italy. The percentage ratio of the number of Hydroptila collection sites to number of Trichoptera collection sites in each region is higher in Umbria (22%), Puglia (16.6%), and Sardegna (16%) and lower in Trentino Alto Adige (0.5%), Abruzzo (1.36%), and Molise (2.86%). No Hydroptila species have been found in Valle d'Aosta ( Fig. 2) . 
Ecological parameters
Ecological parameters are not available for all the Hydroptila collection sites here examined. Hydroptila collection sites range from sea level (Marche, site 23 in Table 1 ) to 1900 m a.s.l. (Abruzzo, site 2 in Table 1 ). The average altitude of most Hydroptila collection sites are between 200 and 400 m a.s.l. The exceptions are Abruzzo (average 1100 m a.s.l.) and Basilicata (average 500 m a.s.l.) (Fig. 3) . Hydroptila vectis was found at both minimum and maximum altitudes. In contrast, the average altitude of Trichoptera collection sites is above 400 m, with lower values for Puglia (200 m a.s.l.) and Marche (300 m a.s.l.) and high values in Valle d'Aosta (1700 m a.s.l.), and both Trentino Alto Adige and Piemonte (1200 m a.s.l.) ( Fig. 4) . As stated before, most Hydroptila species were found between 200 and 400 m a.s.l. Hydroptila ruffoi, H. insubrica and H. stellifera were found at higher altitudes (450-550 m a.s.l. ) and H. angustata at lower altitudes (100 m a.s.l.) ( Fig. 5 ). The main water physico-chemical parameters were recorded for several species. The highest average water temperature (16°C) was recorded for H. aegyptia and H. tineoides and the lowest (10°C) for H. stellifera (Fig. 6 ). Most species live in waters at oxygen levels close to saturation and pH close to neutrality (pH [7] [8] . Organic matter values range between 2 and 4 mg/L except for H. giudicellorum found in biotopes with an organic matter content of 10 mg/L (Fig. 7) . Total hardness values range between 20 to 40 French degrees (°fH) with the exception of H. giudicellorum that tolerates values below 20°fH (Fig. 8) . Higher H 2 S and NO 3 values are found in waters inhabited by H. vectis (H 2 S = 4 mg/L; NO 3 -= 6 mg/L) and H. aegyptia (H 2 S = 5 mg/L; NO 3 -= 5 mg/L).
Cephalic scent glands in male Hydroptila aegyptia
A complex structure is found on the heads of male Hydroptila aegyptia at the sexually active stage. It is made of a pair of lateral, moveable sclerites, which we call "opercula," located above the occipital arch, and an eversible organ which, when inactive, lies underneath each operculum (Figs 9a, 9b, 10) .
The opercula are each about 150-170 µm long and each has a convex outer surface, strongly sclerotized, and a smooth inner surface (Fig. 11 ). The opercula are inserted just above the eyes and are attached on their posterior margins, allowing them to be raised anteriorly to allow the protrusion of the eversible organs (Fig.  12) . The thick cuticle of the opercular outer surface is evenly covered by chetae inserted in round, raised sockets (Figs 11, 12, 13) . Histological and ultrastructural examinations of an operculum show trichogen and tormogen cells underneath the chetae sockets together with smaller cells forming the epidermal layer; this layer is separated by a fluid-filled space from a glandular epithelium made of columnar cells lying on the operculum inner cuticle (Figs 13, 14, 15) . In some specimens, adjacent columnar cells have different electrondensity, which may indicate a diverse secretory cycle (Fig. 16 ). The eversible organs, located at the bases of the opercula, are made of a medial glandular portion underneath the occipital arch and a distal inflatable portion that protrudes when the opercula open up (Figs 9b, 12) . There is continuity of glandular epithelium from the medial portion of the eversible organ to the basal part of the operculum (Fig. 17) . The distal portion of an eversible organ is lined by a thin, corrugated cuticle ( Fig. 12) and has a tuft of long setae at the tip (Fig. 18 ). At rest, this inflatable portion is invaginated and the thin cuticle is pleated around the tuft of setae, surrounded by the secretory portion (Figs 10, 14) . When inflated, the distal portion allows the tuft of setae to extend (Figs 17, 18) . Tracheoles underneath the eversible organs were observed (Figs 10, 14, 17) .
The glandular epithelium in both the operculum and the medial portion of the eversible organ shows characteristic secretory activity. The secretory cells have an elliptical nucleus with dense chromatin clumps (Fig. 19) . The cytoplasm has abundant polymorphous mitochondria, Golgi complexes and great development of both rough and smooth endoplasmic reticulum; extensive formation of secretion vesicles is seen in the cytoplasm (Figs 19, 20) .
In the operculum, secretion vesicles are extruded in the central space that connects with the eversible organ ( Fig. 20 and inset) . Large secretion vesicles, often coalescent, were observed filling the operculum space in many specimens (Figs 10, 14) . In the medial portion of the eversible organ, secretion vesicles are extruded in the space extending into the distal inflatable portion at the base of the tuft of setae. The setae are longitudinally grooved with complex ribs extending from the central cuticular ring surrounding a wide lumen ( Fig. 21 ). Secretion is found in the lumen and around the setae (inset of Fig. 21 ), thus indicating that it is dispersed when the eversible organ is inflated and the brush of setae fans out.
Catalogue of the Hydroptila species found in Italy
The Hydroptila species found in Italy are listed according to the order of the Checklist of Italian Trichoptera (Cianficconi 2006 ) updated on the basis of revisions by . For each species, the collection sites are recorded together with the corresponding number on Table 1 , the date, the number of adults and aquatic stages (l=larva, p=pupa, pr=prepupa, epc= empty pupal case), the name of the collector and references when available. (L) indicates the specimens collected with light traps. . Friuli Venezia Giulia: 10-Cianficconi et al. 1999 . Toscana: 13-00/00/96: 1m#, Moretti. 17-05/07/1979 : 49m#, Di Giovanni et al. 2004 . 18-17/06/1970 : 2m#, Di Giovanni et al. 2004 . Umbria: 16-13/06/1966 : 6m#, Rossi. 41-27/09/1982 06/10/1982: 20m#, 5f#; 02/06/1983: 2m#; 09/06/1983: 33m#; 23/06/1983 : 5m#, Selvi. 43-22/07/1977 : 23m#, 2f#, Pirisinu. 46-20/07/1975 : 1m#, Tucciarelli. 47-12/05/1966 : 1m#, Viganò. 50-12/ 07/1967 : 1m#, Gammaitoni. 55-15/07/1976 : 19m#, 23f#, Viganò. 59-15/07/1966 06/08/ 1968: 29m#, 16f#; 21/09/1970 21/09/ : 4pm#, 2 l, Moretti. 80-06/08/1952 25/02/1953 : 4f#, 4 fpv, Moretti. 81-02/08/1968 : 1m#, Portarena. 84-24/07/1981 : 2m#, Moretti. 85-04/08/1975 13/06/1976: 10m#; 19/06/1976: 1m#; 15/07/1976: 1f#, 5 l; 30/07/1976 30/07/ : 80m#, Moretti. 86-04/08/1975 13/06/1976: 15m#; 30/07/1976: 85m#; 23/09/1976 23/09/ : 10m#, Moretti. 87-04/08/1975 13/06/1976: 5m#; 30/07/1976: 20m#; 23/09/1976 23/09/ : 14m#, Moretti. 88-1/09/1972 30/07/1979 : 2m#, Moretti. 89-01/07/1974 07/10/1976 : 1m#, Moretti. 90-15/07/1976 : 3m#, 2 p, 1 l. 91-07/10/1976 : 1m#. 92-27/11/1976 : 10 l, Moretti, Cianficconi, Tucciarelli. 93-06/09/1970 : 8m#, 1f#, Di Giovanni et al. 2004 . 94-05/07/1985 18/09/85: 78m#, 4f#; 19/09/1985: 1f#; 02/12/1985: 25m#; 30/07/1986:10 m#; 07/09/1986: 13m#, 1f#; 19/08/ 1991 : 11m#, 2f#, Di Giovanni et al. 2004 . 95-06/09/1970 : 8m#, 1f#, 11 l, Moretti & coll. 96-15/06/1952 16/06/1952: 102m#, 1f#, 97pm#, 82 l, Moretti & coll.; 16/07/1952: 7m#, 1f#, 4 l, Antognelli; 09/08/ 1954: 1 p; 18/05/1955: 86m#; 28/05/1955: 1m#; 28/10/1955: 32 epc; 29/03/1976: 63 p; 11/05/1972: 20 p; 29/ 03/1976: 32 l; 08/05/1976: 76 p; 14/05/1977 : 113 p, 18 l, Moretti et al. 1978b . 97-16/07/1952 26/05/83: 65m#; 04/11/1983: 2m#; 19/10/84: 25m#; 23/10/1984 25/01/1985:2m#; 01/05/1985: 6m#; 05/07/1985: 12m#; 19/07/1985: 6 l; 23/07/1985: 21m#(L) ; 12/08/ species. The highest number of species was found in Umbria with 15 species and 13 species were found in both Toscana and Piemonte. No Hydroptila species were found in Valle d'Aosta. Three species are present only in Sardegna (H. fiorii, H. serrata, H. cortensis). The latter was found only in Ussassai − site 49 of Table  1 . Hydroptila tacheti was found in Friuli-Venezia Giulia only. The most widespread species are H. vectis, found in18 regions, and H. angulata, found in 16 regions.
Data on research carried out from 1873 to 2012, Hydroptila specimens were collected in 434 of 4513 examined biotopes. Some species living in lotic waters (H. vectis, H. angulata, among others) are euryoecious and tolerate higher values of organic matter, H 2 S and NO 3 -, while madicolous, crenal and rithral species live in unpolluted waters. Hydroptila sparsa was found in brackish waters .
It is important to extend the research in those regions which lack species (Valle d'Aosta) or have a low number of species and to carry out more nocturnal samplings using light traps.
The scent organs located on the male head of many Hydroptila species have been studied for a long time (Eltringham 1920; Moretti & Bicchierai1979; Moretti & Cianficconi 1964a , 1964b Mosely 1920; Roemhild 1980) . Our histological and ultrastructural investigation shows the secretory activity of these complex structures but the role played by the secretion has not yet been determined. Similar organs (Moretti & Bicchierai 1980) , variously located on the insect body in the sister order Lepidoptera have been proven to be sex pheromone glands, indicating the probable role of Hydroptila scent organs as structures which release sex attractants.
